Since radiation accidents, particularly nuclear disasters, are rarer than other types of disasters, a comprehensive radiation disaster medical curriculum for them is currently unavailable. The Fukushima compound disaster has urged the establishment of a new medical curriculum in preparation for any future complex disaster. The medical education will aim to aid decision making on various health risks for workers, vulnerable people, and residents addressing each phase in the disaster. Herein, we introduce 3 novel educational programs that have been initiated to provide students, professionals, and leaders with the knowledge of and skills to elude the social consequences of complex nuclear disasters. The first program concentrates on radiation disaster medicine for medical students at the Fukushima Medical University, together with a science, technology, and society module comprising various topics, such as public risk communication, psychosocial consequences of radiation anxiety, and decision making for radiation disaster. The second program is a Phoenix Leader PhD degree at the Hiroshima University, which aims to develop future leaders who can address the associated scientific, environmental, and social issues. The third program is a Joint Graduate School of Master's degree in the Division of Disaster and Radiation Medical Sciences at the Nagasaki University and Fukushima Medical University.
Introduction
Modern medical education has rapidly progressed and is now a distinct science and technologyrelated specialization. Concurrently, the needs of society for medicine and healthcare have diversified. Thus, it is important to both secure a level of international standard quality and diversify the educational content. In order to respond to the sophistication and diversity, the medical education system is divided into three medical education cycles, undergraduate, master, and doctor degree. The primary purpose of an undergraduate medical curriculum is to train doctors who are fit for clinical practice. In the United Kingdom, the General Medical Council had proposed the minimum requirements for undergraduate medical education in 1993. 1 In Japan, the Ministry of Education, Culture, Sports, and Science published the core curriculum for medical students in 2001, which was upgraded in 2010. 2 The present radiation education in the medical core curriculum has the following 6 targets: (1) to explain radiation, radioactivity, and its assays and units; (2) to explain the characteristics of acute and late radiation effects; (3) to explain the difference in radio sensitivities among various tissues; (4) to explain the genetic and cellular effects, mechanism of cell death, and local/systemic disorders caused by radiation; (5) to explain the clinical symptoms/signs and treatments for radiation injuries; and 6) to explain radiation protection and safety. The present undergraduate education system is adequate for the recognition of clinical radiation protection and management in radiotherapy and intervention. Although the Japanese education of radiation disaster had been provided to certain experts as special training courses, 3, 4 there is lack of medical education system for a compound disaster both in the radiological sciences core curriculum of undergraduate course. Based on lessons learnt from the Fukushima disaster, the previous curriculum is considered insufficient as disaster medical education in the events of radiation crises. 5 The Fukushima disaster was a complex disaster, defined as an emergency with adverse consequences resulting from a series of events among various targets in early phase of disaster cycle. When the disaster occurred, many initial responders admitted that they were greatly disadvantaged by their limited training, particularly with regard to dealing with communication challenges and social issues of the disaster. 6 A wide range of medical needs arose and people were greatly concerned about radiation data, such as those from personal glass dosimeters and whole body counters; there was also concern regarding the potential for radioactive contamination of food, water, soil, and dust. 5, 6 In considering the response to radiation disaster, health care professionals and physicians may be the key people who can address the anxiety and health concerns of the residents by resolving uncertainties, tackling needs relating to physical and mental health, and providing scientific information to the public as risk communicators. 7 However, there is a shortage of human resources and a lack of visionary medical and health care professionals in this field. Considering that health care professionals and physicians are community leaders, the master's and doctoral course of radiation disaster medicine is desired to educate an advanced curriculum of radiation disaster preparedness and public health.
The purpose of this review is how to develop a novel disaster medical education allowing decision aids based on evidence-based interventions, and balancing other health issues with radiation protection for first responders, vulnerable people, and residents. From that perspective, we reveal new trends of radiation disaster medical education, and introduce the special contents of three programs developed in Japan after the Fukushima disaster.
Method
There is little evidence about an evaluation of medical education for radiation disaster or complex disaster. Based on the literature searched by the Cochrane database of systematic reviews, PubMed, Medline and Google Scholar with the keywords, "medical education," "radiation," "disaster," "communication," and "problem-based learning," we focused on 3 new representative curricula of the Japanese medical education that have been started after Great East Japan Earthquake as narrative review.
Development of an Undergraduate Medical Curriculum in Fukushima Medical University for Radiation Disaster Medicine Incorporating an STS Approach
At the Fukushima Medical University (FMU), we have changed our medical curriculum as shown in Table 1 . Before the disaster, we provided only 6 hours of education related to radiation disasters. We have increased this education to approximately 80 hours in the new innovative programs, 5 including lectures on radiation biosciences, medicine, problem-based learning (PBL), and exercises. The curriculum offers radiation disaster education in a reasonable time frame, interdisciplinary format, and the training course provides opportunities for varied experiences in the area.
The proliferation of increasingly complex biomedical information, technologies, and medical systems in the 21st century poses a major challenge to health care professionals' ability to provide innovative problem solving and high-quality, up-to-date care. 8 The knowledge and skills acquired through formal basic-level professional education are insufficient to deal with an unexpected disaster. PBL was originally launched for teacher-centered medical education by providing lectures with a view of transferring knowledge at the McMaster University in the 1960s. 9 PBL is expected to be a defining characteristic of professional competence and a meaningful learning strategy. Based on the experience of Fukushima, we are attempting a PBL program as a part of the education for radiation disaster medical science, in collaboration with the International Atomic Energy Agency. 5 Our PBL protocol is of the style of active and participatory learning. It will assist students in acquiring flexible knowledge, effective problem-solving skills, cooperativeness, discipline, and motivation. The challenge of developing a new disaster medical education system has been addressed through the introduction of a science, technology, and society (STS) module to allow a better understanding of the various risk factors, including those related to radiation, during face-to-face communication with the public. Following lectures for thirdyear medical students, we will attempt problem-based learning using the FMU-IAEA STS handbook. 8 This handbook begins with an overview of radiation disaster history and the historical shaping of cultural experience surrounding all types of disasters in Japan. Next, readers note the crisis experiences of the residents, and recognize the difficulties supporting the community resilience, reflected in sharp conflicts in views, especially with regard to mental health and psychosocial stress. Following this, the topics of coping with disasters, risk communication, and social determinants of health address the issues of risk perception and communication within society and between medical professionals and their patients. Finally, there are interrelated topics of professionalism, law, and ethics with respect to the concept of value-based practice. The concepts balancing risks and benefits are too vague and imprecise as a physician working under extreme disaster conditions. The value-based practice may also be given an answer what is the concept of "a good doctor," rather than imposing a moral duty with a general disclosure on disaster.
During the clinical training for fifth-year medical students, simulation and discussion in small groups will facilitate a deeper understanding of a similar event or disaster. Students will use radiation surveys using GM (Geiger-Mueller) or NaI meters/personal dosimeters around their living area and evaluate contamination density and dose to compare with the regulation values ( Figure 1 , left). The students will have discussions on how to visualize radiation risk compared with other risks and will undergo emergency clinical response training for irradiated/contaminated patients using a patient simulator, wearing protective clothing (Figure 1, right) . In this scenario, we will encourage students to think about how to prepare for contaminated patients and how to prioritize between emergency treatment and radiation protection. In Germany, a similar attempt to implement a disaster medicine curriculum for medical students has been reported, which included evacuation exercises, decontamination procedures following a nuclear disaster, and psychosocial interventions. 10 As medical professionals, we communicate daily with the patients to provide scientific information on health risks. During a nuclear disaster, it becomes necessary to communicate the information of radiation-associated health risks to the general public. While some aspects of risk communication are similar to the general informed consent obtained for medical care; there are also some completely different aspects to consider. 11 For instance, if the health risk of a patient is very low, we inform the patient as a matter of course in medical care to reduce unnecessary psychological pressure. However, if there is great future health risk, we recommend preventive interventions to the patients if they wish, such as dietary education and exercise programs for metabolic syndromes or non-smoking programs for smokers. In ordinary health and medical care, even if there is a significant difference between the risks and personal perception, risk communication is not a challenge for the individual or society. During a radiation disaster, it is difficult to communicate radiation health risks to the general public based on scientific information alone, even at low-dose levels, since there is less evidence regarding the health consequences. Such situations lead to confusion regarding the individual risk trade-off and cause social and psychological stresses that generate adverse health effects, such as lifestyle-related diseases. 6, 12, 13 When residents experience a traumatic event, and feel alone with an overestimated perception of the radiation risk, they can develop negative emotions toward medical staff and healthcare professionals. 14, 15 In a nuclear crisis, as an example of a techno-scientific disaster, the media contributes to creating collective memories about similar situations in the past, and through this, projects potential future events. With social media and the internet as additional information sources, people have started turning toward information. This contributes to the production of "counter-expertise" 16 and has become an important player in the development of collective and individual responses to technonatural disasters. Students will understand that public reaction to disasters is the result of complex and intrinsic features of risk perception, many of which have strong ethical and societal relevance. 8 For the clinical training for fifth-year medical students, we have developed a general health consultation exercise-mock health counseling sessions. Students will alternatively role-play as either supervising medical staff or local residents seeking consultation on a health problem, such as insomnia, that is a flection of an underlying radiation anxiety issue. The aim of this training is that students can provide the residents with opportunities to think about the benefits and limitations of the risk trade-offs, based on listening and empathy, taking into account various social factors.
Phoenix Leader Education Program (Hiroshima Initiative) for Renaissance From Radiation Disaster: A PhD Program to Foster Global Leaders of Recovery From Radiation Disaster
The Great East Japan Earthquake from March 11, 2011 triggered the Fukushima Daiichi nuclear power plant accident, which quickly evolved into a combined disaster hitherto inexperienced by mankind. Since large quantities of radioactive materials were emitted into the atmosphere, the accident was rated level 7 on the INES (International Nuclear Event Scale), the same level as the Chernobyl catastrophe. As one of the government designated radiation emergency medical institutions, Hiroshima University immediately dispatched a "Radiation Emergency Medical Support Team." More than 1300 staff have worked since then on various support tasks and have made use of the accumulated knowledge and technology of radiation emergency medicine in the treatment of exposed persons to ensure the safety and security of Fukushima residents. During these activities, we came face to face with the multiple perils which radiation disasters bring upon societynot only the physical effects on the human body and health but also the serious effects on the psychological well-being of people, the damage to agriculture and industry due to environmental pollution and/or the spread of harmful rumors. In addition, indirect effects like the collapse of the local communities, after evacuation, can endanger the very basis of human society. At the same time, we became keenly aware that the recovery from nuclear disasters requires the coordinated work of global leaders who have a wide range of interdisciplinary knowledge, covering the fields of radiation science, environmental science, and social science and who will lead the reconstruction efforts with clear vision and in cooperation with the international community. Since, such expertise is at present insufficient, not only in Japan but also the world, there is a demand for fostering such global leaders.
Program for Leading Graduate Schools Supported by MEXT
As science, technology and globalization are making progress, humanity is facing new global issues. Global warming, environmental pollution, depletion of resources and increasing energy demands can present a challenge to our sustainable development. Progress of the existing scientific fields and technology has deepened and expanded academy, but on the other hand, the recently created interdisciplinary academic areas, which aim to fuse divergent academic fields, are not yet sufficiently developed. To solve the problems which mankind is facing now, it is necessary to foster human resources who can integrate the knowledge beyond the artificial boundaries of academic disciplines, leading to a wider vision and bird's-eye view in the scientific community and designing solutions to the complex problems of the globalized World. With a great ambition to foster such human resources, the Ministry of Education, Culture, Sports, Science and Technology has established the "leading graduate education program." 17 
Phoenix Leader Education Program (Hiroshima Initiative) for Renaissance From Radiation Disaster
From our experience in Fukushima, Hiroshima University recognized the necessity of human resources who can lead the reconstruction from radiation disaster and established the "Phoenix Leader Education Program (Hiroshima Initiative) for Renaissance From Radiation Disaster" as one of the leading graduate education programs of the Ministry of Education, Culture, Sports, Science and Technology. The historical experiences of a multifaceted support to recover from the atomic bomb damage, as well as the wide range of academic disciplines at our university, ensure the high standards of this educational program. 18 The outline of the educational curriculum for the 3 PhD courses is shown in Figure 2 . The programs accept students from various fields; medical, science, engineering, agriculture, social sciences, humanities, and so on. It is projected as a 4-year education program for the students of medical fields and a 5-year program for the students of other fields. The students in both courses will be required to take fundamental classes: radiation biology, environmental radiology, environmental science, radiation disaster history, and so on, in first and second grade in order to fill the gaps not covered by their different prior educational programs/backgrounds. In addition, all students will be expected to complete a multidisciplinary technological work course to acquire practical knowledge and skills.
The technological work course will include training in radiation dosimetry, decontamination, radiation management, disaster prevention, as well as radiation emergency medical exercises, and other epidemiology exercises of a similar kind. As the described field is a fusion between academic disciplines, students will be expected to take courses in their specialized subjects aiming to become leaders "protecting lives from radiation disaster," "protecting environment from radioactivity," or "protecting people and society from radioactivity," and all students will have to complete a course in "Radiation disaster reconstruction science" as the culmination of the program.
As part of the program each student will carry out their own research project under the guidance of their chief supervisor. In addition, incorporated in the current program is field work in the Fukushima and/or Chernobyl accident areas, as well as internships with the IAEA and other similar institutions at home and abroad.
Our program aims to ensure that students work and live in circumstances allowing them to concentrate on learning. Therefore, students will be provided with sufficient financial support both for their study activities and their cost of living, such as school attendance incentives, research grants, overseas internship grants.
Training Radiation Health Risk Professionals: Learning, Communication, and Practice in Joint Graduate School of Master Program at Nagasaki University and FMU
Fukushima's compound disaster revealed a shortage of emergency radiation exposure medical service professionals, including nurses, public health nurses, ambulance crews, radiation technologists, and radiation health risk communication specialists during and even after the accident. Presently, a number of nuclear power plants are working or are under construction worldwide. Based on our experience, preparation, and provision relating to nuclear disasters and radiation accidents, these are urgent issues not only in Japan but also in many countries, including Asian countries. 6, 19 In response to this issue, in April 2016, Nagasaki University and FMU made the breakthrough achievement of designing courses relating to "Disaster and Radiation Exposure, Medical Science Joint Degree (Master's Degree)," with the aim of imparting training for expertise in disaster and radiation exposure medical science. 20 Since the accident, Nagasaki University and FMU have collaborated on the recovery and reconstruction of Fukushima. Nagasaki University has considerable experience in the field of radiation medicine and protection, the health effects of long-term radiation exposure from atomic bombs, Chernobyl nuclear accident, and the recent recovery of the Kawauchi village in Fukushima. 21, 22 FMU has gained valuable experience in public health as well as disaster medicine from the Great East Japan Earthquake event and has started a new education system regarding disaster medical science, as described in the previous chapter. Both universities have collaborated to take advantage of their expertise to provide professional training in this field.
To educate professionals who have various occupational backgrounds relating to disaster response and recovery, we offer 2 courses: a medical science course for applicants such as police officers, fire fighters, clinical radiologists, science students and international students, and a nursing course for nurses and public health nurses. As there are common subjects in both medical science and nursing courses, we have created a group of subjects related to the foundation of disaster/radiation exposure medical science (fundamental radiation medical science, risk communication, and disaster medicine). For the specialized subjects in each course, we created a group of subjects related to advanced disaster medicine and global health science for the medical science course and a group of subjects for the mastery of specialized knowledge related to radiation nursing science for the nursing course. Students will also be trained to practice expert knowledge through practical courses at FMU, Nagasaki University, and the Nagasaki University-Kawauchi Village Reconstruction Promotion Base. 22, 23 In addition, we will offer lectures in English by convening faculty members from the World Health Organization (WHO), which plays a central role in the field of disaster exposure medical science through Radiation Emergency Preparedness and Response and Assistance Network (REMPAN) collaborating research center, 24 the International Atomic Energy Agency (IAEA) (a group of nuclear experts), and the International Commission on Radiological Protection (ICRP).
Having trained personnel who can lead the way in the reconstruction and recovery from a complex disaster is essential to prepare against nuclear disasters and radiation accidents in the future. This master's degree is designed such that the students will acquire comprehensive knowledge and skills about compound disasters including nuclear/radiation accidents. In addition, through the course, we also expect the students to be equipped to take leadership at disaster sites domestically and overseas; furthermore, they will be able to lead efforts in crisis and risk communication. Our education program, is based on the valuable lessons that were gleaned from prior experiences in how the long-term interventions have influenced in the local communities through the disaster of experience, Fukushima and Nagasaki, will be a unique and huge challenge in Japan as well as other Asian countries. These 2 program, Phoenix Leader Education PhD Program at Hiroshima University and Joint Graduate School of Master Program at Nagasaki University and FMU, are opened for not only Japanese but also international students. It has enrolled international students, especially Asian countries.
Summary
A disaster is a contextual constraint but the effects are universal. 25 In compound nuclear disasters and large-scale disasters, it is important to conduct initial responses and judgments effectively to avoid an impact from various disaster risks, including radiation protection and management. Through the initial-to-chronic rebuilding phases during the disaster cycle, 5 the role of medicine and health care has expanded to not only treating victims of earthquakes, tsunami, radiation contamination, and exposure but also coordinating the remote transport and acceptance of hospitalized patients from the evacuation area, conducting large-scale radiation screening, preventing and detecting diseases in residents of shelters and temporary housing, applying disaster public health, 26 and addressing anxiety with communication and dialogue. 27, 28 We have introduced 3 innovative curricula in 3 academic settings to develop human resources, capable of offering a complexity of a nuclear disaster management cycle for 3 different targets ( Table 2 ). These can serve as a distinctive template for a new trend of disaster education, from basic to clinical, and provide strong assistance to communities affected by complex disasters. 
